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(54) Controlier and control method for an electric power steering apparatus 



(57) A controller controls an electric motor to pro- 
vide assist power corresponding to steering operation 
for an electric power steering apparatus. The controller 
comprises a detecting device, a filtering device, a judg- 
ing device and a detemnining device. The detecting de- 
vice detects present voltage of a power source for the 
electric motor. The filtering device filters the present 



voltage based on a small time-constant when the volt- 
age of the power source increases and based on a large 
time-constant when the voltage of the power source de- 
creases. The judging device judges whether the filtered 
voltage is tower than a predetemriined threshold. And, 
the detemnining device detennines being abnomnallty of 
the power source when it is judged that the filtered volt- 
age is k>wer than the threshold. 
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Description 

INCORPORATION BY REFERENCE 

5 [0001] The present application claims priority under 35 U.S.C. §119 to Japanese Patent Application No. 
2001-377061, filed on December 12, 2001. The contents of that application are incorporated herein by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] This invention relates to a controller and a control method for an electric power steering apparatus installed 
for vehicles. 

15 

2. Discussion of the background 

[0003] An electric power steering apparatus provides assist power corresponding to steering operation by an electric 
motor. It is possible that a voltage drop of a power source which provides power to the electric motor happens because 

20 of an abnonmality of a battery, a short-circuit of power cable or a loose connection of a connector. The voltage drop 
affects assist perfonrnance of the electric power steering apparatus such as lack of the assist power whteh makes a 
driver feel a sense of incongruity or absence of the assist power which makes the steering operation become heavy. 
A source voltage monitor whbh always monitors the source voltage is built in a electric power steering apparatus in 
order to warn the voltage drop to the driver when the source voltage becomes less than a predetemilned value. 

^ [0004] Generally, the voltage drop occurs temporarily due to starting of other auxiliary equipment, because a common 
battery is used for both of the auxiliary equipment and the electric power steering apparatus. In addition, the temporary 
voltage drop occurs due to an instantaneous short-circuit of power cable or an Instantaneous loose connection of a 
connector. Such voltage drop is just temporary, and is regained to normal voltage immediately. However, the source 
voltage monitor detects the voltage drop as an abnormality when the voltage decreases in less than the predetermined 

30 value, even if the voltage drop is temporary such that the assist performance is not affected. 

SUMMARY OF THE INVENTION 

[0005] I n view of the foregoing, it is an object of the present Invention to provide an improved controller and a control 
35 method for an electric power steering apparatus. In order to achieve the above and other objects, one aspect of the 
present inventk>n provides a controller for controlling an electric motor whk:h provides assist power corresponding to 
steering operation for an electric power steering apparatus. The controller comprises a detecting devk», a filtering 
device, a judging device and a determining devce. The detecting device is configured to detect present voltage of a 
power source for the electric motor. The filtering devk:e Is configured to filter the present voltage based on at least one 
40 time-constant. The Judging device is configured to judge whether the filtered voltage is lower than a predetermined 
threshold. And, the detennining devk» is configured to detemiine being abnormality of the power source when rt is 
judged that the filtered voltage is lower than the threshold. 

[0006] The present voltage of the power source is filtered, and it is judged whether the filtered voltage Is lower than 
the threshold. Therefore, a temporary voltage drop is not detemilned as an abnormality 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Various other objects, features and marry of the attendant advantages of the present invention will be readily 
appreciated as the same becomes better understood by reference to the following detailed description of the pref en-ed 
so emt>odiments when considered in connectk)n with the accompanying drawings, in whk:h: 

Fig. 1 is a schematic view showing an electric power steering apparatus according to a first embodiment of the 
present inventk>n; 

Fig. 2 is a block diagram showing a controller and a motor drive circuit of the first embodiment; 
55 Fig. 3 is a flow-chart showing an abnonmality detection process of the first embodiment; 

Fig. 4 is a graph showing a relationship between source voltage and filtered voltage; 

Rg. 5 is a fk>w-chart showing an abnormality detection process of a second embodiment of the present invention; 
and 
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Fig. 6 is a circuit diagram for band pass filter of a third embodiment of the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 p008] Embodiments of the present invention will be described with reference to the drawings. Referring In Rg. 1 , 
mechanical constructions of an electric power steering apparatus according to the first embodiment will be described. 
A steering wheel 1 , which is operated by a driver, is connected with a steering shaft 2. The steering shaft 2 is equipped 
with a torque sensor 4 and connected with a reduction gear 5 via a torsion bar 3. When the steering wheel 1 is operated, 
the torsion bar 3 is twisted according to the steering operation. Then, the torque sensor 4 detects quantity of torsion 

10 of the torsion bar 3 as steering torque. An electric motor 6 such as D.C. motor is installed so that a gear 7, which is 
fixed on an output shaft thereof, is engaged with the reduction gear 5. A pinion shaft 8 is connected with the reduction 
gear 5 at one end thereof and connected with a pinion 9 at the other end thereof. The pinion 9 is engaged with racks 
of a rack shaft 10. A tie-rod 12 is connected with each end of the rack shaft 10. A knuckle 13 is rotatably connected 
with each tip of the tie-rod 12. A front wheel 14 is fixed on each knuckle 13. Rotation of the electric motor 6 is reduced 

15 by the reduction gear 5 and transmitted to the pinion shaft 8, and further transmitted to the rack shaft 10 through a 
rack and pinion mechanism 11 . Motion of the rack shaft 1 0 is transmitted to the knuckles 1 3 through the tie-rods 12. 
According to the aforementioned structures, turning the front wheels 14 is assisted by the electric motor 6. 
[0009] Referring Fig. 1 and Fig. 2, electric constructions of the electric power steering apparatus will be described. 
A controller 20 for the electric power steering apparatus mainly comprises a central processing unit (CPU) 21 , a read 

^ only memory (ROM) 22, a random access nnenriory (RAM) 23 and interfaces (not shown). The ROM 22 stores control 
programs whteh is executed by CPU 21 . The RAM 23 temporarily stores data which is needed for processing of the 
CPU 21 . The torque sensor 4 and a vehkde speed sensor 1 6 are electrically connected with the controller 20 via the 
interfaces. The CPU 21 executes the control programs, and calculates assist current command based on steering 
torque signal inputted from the torque sensor 4 and vehicle speed signal inputted from the vehk:le speed sensor 16. 

^ A motor cunrent detection circuit 27 and a motor^erminals-voltage detection circuit 37 are also electrically connected 
with the controller 20. The CPU 21 converts the assist current command into voltage command Vs based on real 
cunrent value detected by the motor cunrent detection circuit 27 and real voltage value detected by the motor-terminals- 
voltage detection circuit 37, and outputs the voltage command Vs to a motor drive circuit 36. The motor drive circuit 
35 which is also electrically connected with the controller 20 comprises a PWM (Pulse Width Modulation) circuit 24 

30 and switching elements Q1 -Q4. The motor drive circuit 35 is configured to drive the electric motor 6 so that pulse s^nal 
whk:h has a pulse width corresponding to the voltage command Vs is outputted to U-phase and V-phase respectively, 
and makes the switching elements 01-04 tum on and off. 

[0010] The motor drive circuit 35 is electrically connected with a power source (battery) B. The power source B is 
connected with the controller 20 which also furtctlons as a source voltage monitor and always monitors present source 
35 voltage Vb of the power source B. The controller 20 as the source voltage monitor processes a filtering of the present 
source voltage Vb of power source B, and detects abnormality to compare filtered voltage Vf with a predetermined 
threshold Vc. 

[0011] The process for detecting the abnormality of source voltage will be described hereinafter refem'ng the flowchart 
in Rg. 3. In step SI, the CPU 21 of the controller judges whether coming to step SI is first time after turning on an 

40 ignition. If the coming to step SI is first time (SI =Yes), the process advances to step S2. If the coming to step SI is 
not first time (S1=No), the process advances to step S3. In step S2, the present (detected) source voltage Vb is con- 
sidered to be the filtered voltage Vf and is memorized as the filtered voltage Vf . On the other hand, the present source 
voltage Vb is compared with the filtered voltage Vf (memorized in step S2, S7 or S1 0) in step S3. If the present source 
voltage Vb is equal or larger than the filtered voltage Vf (S3=Yes), the process advances to step S5. Since this situation 

45 means increasing of the source voltage, the present source voltage Vb is processed of a filtering in steps S5 to S7 
and new filtered voltage Vf is calculated. On the other hand, if the present source voltage Vb is smaller than the filtered 
voltage (S3=No), the process advances to step S8. Since this case means decreasing of the source voltage, the present 
source voltage Vb is processed of another filtering in steps S8 to S10 and a new filtered voltage Vf is calculated. In 
this manner, the different filtering processes are executed according to whether the source voltage decreases or de- 

50 creases. The filtered voltage Vf Is cak:ulated In steps S5 to S7 and S8 to SI 0 as follows. 

A = (filtered voltage Vf) x (smoothing number of times N) [S5 and S8] 

55 

B = A + (present source voltage Vb) - (filtered voltage Vf) [S6 and S9J 
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(filtered voltage Vf) = B / (smoothing number of times N) [S7 and S1 0] 

Here, A and B are just parameters. The same expressions are used between steps S5 to S7 and steps S8 to S10, 

s however the smoothing number of times N are different each steps. For instance, the smoothing number of times N is 
set as five in steps S5 and S7, on the other hand, it is set as two hundred fifty In steps S8 and S1 0. That is, when the 
source voltage increases, the smoothing numk>er of times N is set as a small number, and when the source voltage 
decreases, it is set as a large number, in other words, setting small number as the smoothing number of times N means 
being filtered by a small time-constant which responds quickly, and setting large number as the smoothing number of 

10 times N means being filtered by a large time-constant which responds slowly. In a case that the source voltage changes 
as shown by a broken line In Fig. 4, when the source voltage increases, the filtered voltage Vf is proceeded to follow 
the source voltage Vb quickly. On the other hand, when the source voltage decreases, the filtered voltage Vf is pro- 
ceeded to follow the source voltage Vb slowly. The filtered voltage Vf proceeded as above is compared with the thresh- 
old Vc in step 1 1 . If the filtered voltage Vf is larger than the threshold Vc (S1 1 =:No), it is judged that the source voltage 

IS Is normal. If the filtered voltage Vf is equal or smaller than the threshold (S1 1 =Yes), It is judged that the source voltage 
Is abnormal and the process advances to step S12. In step SI 2, the abnomnality of the source voltage is infomied to 
the driver by outputting a signal such as warning light The controller 20 as source voltage monitor always monitors 
the source voltage by executing the aforennentioned steps repeatedly every dozens milliseconds. 
[0012] In a conventional way, i.e. it is not processed the filtering, when the source voltage decreases in less than 

20 the threshold, even if it is temporarily, the source voltage monitor detects it as the abnonmality. However, according to 
the first embodiment of the present invention, when the source voltage decreases in less than the threshold Vc, since 
the present source voltage Vb is filtered by the large time-constant whbh responds sk>wly, If only the decreasing is 
temporarily, the filtered voltage Vf does not fall in less than the threshold Vc. Therefore, temporarily decreasing of the 
source voltage is not detected as the abnomiality. The accuracy or the reliability for detecting abnomnality is improved. 

25 On the other hand, when the source voltage Increases (recovers), since the present source voltage Vb Is filtered by 
the small time-constant which responds quk^ly, the filtered voltage Vf comes to close or to be equal with the present 
source voltage Vb Immediately. 

[0013] The second embodiment will be described hereinafter referring the flowchart in Rg. 5. Since the second 
embodiment is same as the first embodiment except that a flowchart shown by Fig. 5 is used as a process for detecting 

30 the abnormality of source voltage instead of the flowchart shown by Rg. 3, description for other constructions are 
omitted. In step S21 , the CPU 21 of the controller judges whether coming to step S21 is first time after turning on the 
Ignition. If the coming to step S21 is first time (S21 =Yes), the process advances to step S22. If the coming to step S21 
is not first time (S21=No), the process advances to step S23. In step S22, the present (detected) source voltage Vb is 
consider to be the filtered voltage Vf and is memorized as the filtered voltage Vf. On the other hand, the present source 

3S voltage Vb Is compared with the filtered voltage Vf (memorized step S22, S25 orS27) In step S23. If the present source 
voltage Vb is equal or larger than the filtered voltage Vf (S23=Yes), the process advances to step S24. Since this 
situation means increasing of the source voltage, increment of the source voltage (present source voltage Vb - filtered 
voltage Vf) is calculated and compared with a predetemnined addition value AVi. If the increment of the source voltage 
is equal or larger than the addition value AVi (S24=Yes), the process advances to step S25 and new filtered voltage 

^ Vf Is cabulated as follows: 

new filtered voltage Vf = last filtered voltage Vf + AVi 

45 If the Increment of the source voltage Is smaller than the addition value AVi (S24=No), the process advances to step 
S28, i.e. the filtered voltage Vf is not renewed. On the other hand, if the present source voltage Vb is snr^aller than the 
filtered voltage Vf (S23=No), the process advances to step S26. Since this situation means decreasing of the source 
voltage, decrement of the source voltage (filtered voltage Vf - present source voltage Vb) is calculated and is compared 
with a predetemiined subtractk>n value AVd. If the decrement of the source voltage is equal or larger than the subtraction 

so value AVd (S26=Yes), the process advances to step S27 and new filtered voltage Vf Is cabulated as follows: 

new filtered voltage Vf = last filtered voltage Vf - AVd 

55 If the decrement of ttie source voltage is smaller than the subtraction value AVd (S26=No), the process advances to 
step S28, i.e. the filtered voltage Vf is not renewed. 

[0014] The addition value AVIls set as a large value and the subtractbn value AVd is set as a small value. As the 
result, when the source voltage Increases, the filtered voltage Vf Is calculated so as to follow change of the present 
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voftage immediately because the addition value AVi is large. On the other hand, when the source voltage decreases, 
even if the decrement of the source voltage Vb is large, the filtered vottage Vf does not change immediately, because 
the subtraction value AVd is small. That Is, setting large value as the addition value AVi means being filtered by a small 
time-constant which responds quickly, and setting small value as the subtraction value AVd means being filtered by a 

5 large time-constant which responds slowly. The filtered voltage Vf proceeded as above Is compared with the threshold 
Vc in step S28. If the filtered voltage Vf is larger than the threshold Vc (S28=No), it is judged that the source voltage 
is normal. If the filtered voltage Vf is equal or smaller than the threshold (S28=Yes), it is judged that the source vottage 
is abnormal and the process advances to step S29. In step S29, the abnomiaiity of the source voltage is informed to 
the driver by outputting a signal such as waming light The controller 20 as source vottage monitor always monitors 

10 the source voltage by executing the aforementioned steps repeatedly every dozens milliseconds. According to the 
second embodiment of the present Invention, the filtered voltage Vf is changed in the same way with it of the first 
embodiment except that the change of the filtered voltage Vf is stepped (digital) in the second embodiment in stead 
of being smooth (analogue) in the first embodiment. Therefore, the filtered voltage Vf is changed quk^kiy when the 
present voltage Vb increases and is changed slowly when the present voltage Vb decreases. Therefore, temporarily 

15 decreasing of the source voltage Is not detected as the abnormality. 

[0015] The third embodiment will be described hereinafter refem'ng the circuit diagram for the band-pass-fitter shown 
by Rg. 6. Although the present source vottage Vb is proceeded by software to get the filtered voltage Vf in the first and 
second emtx>diments, the band-pass-filter as hardware is used in the third embodiment. Since the third emt>odiment 
is same with the first and second embodiments except that the t>and-pass-filter shown 40 by Rg. 6 Is used as a process 

20 for detecting the abnonmality of source vottage instead of the flowcharts shown Itiy Rg. 3 and Rg. 5. description for 
other constructions are omitted. The band-pass-fitter 40 has a pair of combinations of a resistor , R2 and a capacitor 
C^, C2, which are connected so as to construct a disjunction (OR circuit) as shown by Fig. 6. TTie present source 
vottage Vb is inputted to the band-pass-fitter 40, and the band-pass-fltter 40 outputs the filtered vottage Vf. The filtered 
vottage Vf is compared with the threshold Vc. Ohmic values of the resistor , R2 and capacities of the capacitor C^, 

^ C2 are tuned so that a product of R^ and extremely larger than a product of R2 and C2. That is, the combination of 
the resistor R| and the capacitor is a large time-constant circuit, and the combination of the resistor R2 and the 
capacitor C2 is a small time-constant circuit. Since these combinations construct the disjunction, when the present 
source voltage Vb is inputted to the band-pass-fitter 40, either large value is outputted as the filtered vottage Vf. There- 
fore, when the source vottage Vb increases, the filtered voltage Vf follows the change of the source voltage Vb quicldy. 

30 On the other hand, when the source vottage Vb decreases, the filtered voltage Vf follows the change of the voltage Vb 
slowly. Therefore, temporarily decreasing of the source voltage is not detected as the abnormality. 
PX)16] Obviously, numerous modifications and variations of the present invention are possible in light of the above 
teachings. It is thereby to be understood that within the scope of the appended claims, the present invention may be 
practiced otherwise than as specifically descrit>ed herein. 

35 [0017] A controller controls an electric motor to provide assist power corresponding to steering operation for an 
electric power steering apparatus. The controller comprises a detecting device, a filtering device, a judging device and 
a determining device. The detecting device detects present voltage of a power source for the electric motor. The filtering 
device fitters the present voltage based on a small time-constant when the vottage of the power source increases and 
based on a targe time-constant when the vottage of the power source decreases. The judging device Judges whether 

40 the filtered vottage is lower than a predetermined threshold. And, the detennining device determines being abnormality 
of the power source when it is Judged that the filtered vottage Is lower than the threshold. 



Claims 

45 

1 . A controller for controlling an electric motor which provides assist power conresponding to steering operation for 
an electric power steering apparatus, comprising: 

a detecting device configured to detect present vottage of a power source for the electric motor; 
so a filtering device configured to fitter the present vottage based on at least one time-constant; 

a judging device configured to judge whether the filtered vottage is tower than a predetennined threshold; and 
a determining device configured to detemnine being abnormality of the power source when it is judged that 
the filtered voltage is lower than the threshold. 

55 2. A controller according to claim 1 , wherein the filtering device fitters the present vottage based on a first time- 
constant when the vottage of the power source increases and based on a second time-constant when the voltage 
of the power source decreases. 
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3. A controller according to claim 2, wherein the second time-constant Is larger than the first time-constant. 

4. A controller according to claim 3, wherein the filtering device is configured by software which calculates the filtered 
voltage using past filtered voltages and smoothing number of times based on the first and second time-constants. 

5 

5. A controller according to claim 3, wherein the filtering device is configured by software which calculates the filtered 
voltage using a predetermined addition value based on the first time-constant and a predetemnined subtraction 
value based on the second time-constant. 

10 6. A controller according to daim 3, wherein the filtering device is a band-pass-fitter. 

7. A controller for controlling an electric motor which provides assist power conresponding to steering operation for 
an electric power steering apparatus, comprising: 

IS detecting nrwans for detecting present voltage of a power source for the elecbic motor; 

filtering means for filtering the present voltage based on at least one ttme^nstant; 
judging nrmans for judging whether the filtered voltage is lower than a predetenmined threshold; and 
determining means for detenmining being abnormality of the power source when it is judged that the filtered 
voltage is lower than the threshold. 

20 

8. A controller according to daim 7, wherein the filtering nrteans filters the present voltage based on a first time- 
constant when the voltage of the power source increases and based on a second time-constant when the voltage 
of the power source decreases. 

^ 9. A controller according to claim 8, wherein the second time-constant is larger than the first time-constant. 

10. A controller according to daim 9, wherein the filtering means is software which calculates the filtered voltage using 
past filtered voltages and smoothing nunnt>er of times based on the first and second time-constants. 

30 11 . A controller according to daim 9, wherein the filtering means is software which calculates the filtered voltage using 
a predetermined addition value based on the first time-constant and a predetemiined subtraction value based on 
the second time-constant. 

12. A controller according to claim 3, wherein the filtering means is a band-pass-filter. 

35 

13. A control nnethod for controlling an electric motor which provides assist power corresponding to steering operation 
for an electric power steering apparatus, comprising: 

detecting present voltage of a power source for the electric motor; 
40 filtering the present voltage based on at least one time-constant, 

judging whether the filtered voltage is lower than a predetermined threshold; and 

determining being abnormality of the power source when it is judged that the filtered voltage is lower than the 
threshold. 

^ 14. A control method according to daim 13, wherein the present voltage is filtered based on a first time-constant when 
the voltage of the power source increases and based on a second time<»nstant when the voltage of the power 
source decreases. 



50 



15. A control method according to daim 14, wherein the second time-constant is larger than the first time-constant. . 

16. A control method according to daim 14, wherein the filtered voltage is calculated by using past filtered voltages 
and smoothing numt)er of times based on the first and second time-constants. 

1 7. Acontrol method according to daim 1 4, wherein the filtered voltage is calculated by using a predetermined addition 
ss value based on the first time-constant and a predetenrtined subtraction value based on the second time-constant. 

18. A control nnethod according to daim 14, wherein the present voltage is filtered by a band-pass-filter. 
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Fig.l 
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Fig. 3 



PROCESS FOR DEIECTING THE ABNORMALITY 
OF SOURCE VOLIAGE 



S2 : HLTERED VOLTAGE Vf = PRESENT SOURCE VOLTAGE Vb 
S3 :PRESENTSOURCE VOLIAGE Vb Z FOSTERED VOLTAGE Vf 



SOURCE VOLTAGE DECREASES 




^10 



1 1 Sll : HLTERED VOLTAGE Vf g THRESHOLD Vc 
S12 : OUTPUT ABNORMAL SIGNAL 



(exit) 



S5:A= FILTERED VOLTAGE Vf X SMOOTHING NUMBER OF TIMES N (5) 
S6:B = A + PRESENTSOURCE VOLTAGE Vb - FILTERED VOLTAGE Vf 
S7 : FILTERED VOLTAGE Vf = B / SMOOTHING NUMBER OF TIMES N (5) 
S8:A= FILTERED VOLTAGE Vf X SMOOTHING NUMBER OF TIMES N (250) 
S9:B = A + PRESENT SOURCE VOLTAGE Vb - FILTERED VOLTAGE Vf 
SIO : FILTERED VOLTAGE Vf B / SMOOTHING NUMBER OF TIMES N (250) 
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Fig. 4 
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Fig. 5 



PROCESS FOR DEIECIING IHE ABNORMAUTY 
OF SOURCE VOLIAGE 

/ S22 : HLIERED VOLTAGE Vf = PRESENT SOURCE VOLIAGE Vb 




S24:( PRESENT SOURCE VOLTAGE Vb - FILTERED VOLTAGE Vf) ^ AVi 
S2S : NEW FILTERED VOLIAGE Vf= lASTFILlERED VOLIAGE Vf ^ AVi 
S26: (FILTERED VOLTAGE Vf - PRESENT SOURCE VOLTAGE Vb) ^ AVd 
S27: NEW FILTERED VOLTAGE Vf=LASTFILTERED VOLTAGE Vf - AVd 
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Fig. 6 



Ri 



4Q 



AAAr 



SOURCE 
VOLTAGB- 
Vb 



wm 



777777 



FILTERED 
-> VOLTAGE 
Vf 



12 



